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(54) Implantable patch antenna 



(57) The invention relates to a solution for accom- 
plishing a wireless data exchange between an implant- 
able medical device and an extracorporal unit by means 
of an antenna arrangement for communicating radio fre- 
quent signals. The proposed arrangement includes a 
patch plane (210) having a perimeter (a, b, c, d), a 
ground plane (220) of an electrically conducting material 
and a dielectric substrate (240) filling a volume between 
the patch plane (210) and the ground plane (220). The 
ground plane (220) has an area, which is larger than the 
patch plane (210) and is located in relation to the patch 
plane (210), such that a perpendicular projection of the 



patch plane (210) onto the ground plane (220) falls en- 
tirely within the ground plane (220). A grounding mem- 
ber (230) connects the patch plane (210) electrically to 
the ground plane (220) at a first segment (d) of the pe- 
rimeter (a, b, c, d). The substrate (240) has a compara- 
tively high relative permittivity and extends a well-de- 
fined distance (L 3 \ L 3 ") outside the volume between the 
patch plane (210) and the ground plane (220) with re- 
spect to at least one second segment (a, b, c) of the 
perimeter (a, b, c, d). Thereby, a non-conducting region 
is obtained outside the patch plane (210) and therefore 
only a relatively small amount of electromagnetic losses 
will occur in this region. 
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Description 

THE BACKGROUND OF THE INVENTION AND 
PRIOR ART 

[0001] The present invention relates generally to im- 
plantable medical devices that are associated with 
means for wireless data exchange with extracorporal 
units. More particularly the invention relates to an an- 
tenna arrangement according to the preamble of claim 
1 and an implantable device according to the preamble 
of claim 12. 

[0002] It is desirable from a patient comfort point of 
view that an implantable medical device (IMD) can stay 
in the body for as long time as possible without explan- 
tation. Therefore, it is advantageous if the IMD may 
communicate with the external units while the device is 
still implanted. Traditionally, status information and 
measurement parameters have been read out from im- 
planted devices via an inductive telemetry interface. 
This type of interface is also usable for transportation of 
data in the opposite direction, for example when adjust- 
ing parameters pertaining to the operation of the IMD or 
when updating the device's program code to a newer 
version. However, the inductive interface requires a rel- 
atively short distance (in the order of centimeters) be- 
tween the implantanted device and the extracorporal 
unit with which it communicates. This, in turn, may be 
inconvenient for the patient as well as impractical for the 
personnel conducting the procedure. Moreover, the 
maximum data rate for an inductive interface is relatively 
low, which results in practical limitations as to the 
amount of data that can be communicated. 
[0003] Therefore efforts are now being made in order 
to find alternative solutions to the inductive telemetry in- 
terface for communicating with an IMD. For instance, 
the American Federal Communications Commission 
(FCC) and the European Telecommunications Standard 
Institute (ETSI) have proposed a dedicated radio fre- 
quency range in the band 402 - 405 MHz for communi- 
cation with IMDs. Additionally, the patent literature in- 
cludes examples of solutions for accomplishing a radio 
link between an implanted device and an external unit. 
[0004] U.S. patent No. 6,115,636 describes a telem- 
etry system for implantable devices where the human 
body functions as a radio antenna for the implanted de- 
vice. The housing of the device is here used to accom- 
plish a coupling between the patient's body and the de- 
vice and thus make possible the transmission of a mod- 
ulated electromagnetic signal. 

[0005] U.S. patent No. 5,626,630 discloses a teleme- 
try solution involving a quasi-passive implanted trans- 
ponder and a repeater station to be worn externally by 
the patient. The repeater station thereby operates as a 
relay between an IMD and a remote monitoring station 
to provide a communications link with a high data rate. 
The transponder includes a couple of microstrip radio 
antennae, which are resonant at one half of the signal 



wavelength used. 

[0006] U.S. patent No. 5,861 ,01 9 shows another ex- 
ample of an IMD equipped with a microstrip radio fre- 
quency telemetry antenna. Here, the antenna is formed 
5 on or within the exterior surface of the device housing. 
Preferably, the antenna extends over the entire availa- 
ble surface area of the housing and is covered by a ra- 
dome layer to ensure that the patch is electrically insu- 
lated from body fluids and tissue. 
10 [0007] Although the above-mentioned solutions gen- 
erally represent improvements in comparison to an in- 
ductive link regarding data rate and communication 
range, they fail to present a telemetry solution with sat- 
isfying power efficiency and sufficiently small physical 
15 dimensions of the antenna. The size of the antenna is 
a major concern because the antenna is to be implanted 
along with the IMD into a human body. For the best pa- 
tient comfort, a smallest possible physical size of the 
antenna is desired. However, low power consumption is 
20 at least as important. A change of batteries namely in- 
evitably demands explanation of the device, and should 
therefore be avoided as long as possible. 
[0008] The article C. Furse, "Design of an Antenna for 
Pacemaker Communication," Microwaves and RF, 
25 March 2000, pp 73 - 76 describes a microstrip antenna 
for radio signals at a frequency of 433 MHz. It is pro- 
posed that an L-, U- or spiral-shaped patch antenna be 
arranged on top of a 6 mm thick Teflon substrate. The 
antenna's physical dimensions are thus limited, howev- 
30 er its geometry becomes intricate. Moreover, the design 
is inclined to cause large ohmic losses and consequent- 
ly not be particularly power efficient. 

SUMMARY OF THE INVENTION 

35 

[0009] It is therefore an object of the present invention 
to address these problems and provide an improved im- 
plantable antenna solution for an IMD. 
[0010] According to one aspect of the invention this 
40 object is achieved by an antenna arrangement as de- 
scribed initially, which is characterized in that the sub- 
strate has a comparatively high relative permittivity and 
that the substrate extends a well-defined distance out- 
side the volume between the patch plane and the 
45 ground plane with respect to at least one second seg- 
ment of the perimeter. An important advantage attained 
by such extension of the substrate is that a non-conduct- 
ing region is thereby obtained outside the patch plane. 
This, in turn, guarantees that there will only be relatively 
50 small electromagnetic losses in this region. Namely, the 
electric fields closest to the patch are quasi-static and 
hence very large. In a conducting medium (such as the 
human body), however, the dissipated power density is 
proportional to the square of the electric field. This 
55 means that if the region closest to the patch plane were 
occupied with a conducting material a large amount of 
the power leaving the patch would be used for heating 
up the region closest to the patch . Naturally, from a pow- 
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er efficiency point of view, this is an undesired effect 
which is avoided by the proposed antenna arrangement. 
A high relative permittivity is desirable because the re- 
quired length of the patch plane is inversely proportional 
to the square root of the relative permittivity. Conse- 
quently, a high relative permittivity makes it possible to 
accomplish an antenna with small physical dimensions. 
For example, a substrate of a ceramic material is ad- 
vantageous, since these materials are available with rel- 
ative permittivities up to around 100. Alternatively, the 
substrate may contain a laminated thick-film structure 
including layers of aluminum oxide. Such substrate can 
be designed with a relative permittivity of approximately 
1000. 

[0011] According to a preferred embodiment of this 
aspect of the invention, the substrate overlaps a section 
of the patch plane along at least one sub-segment of the 
at least one second segment. An advantage thus at- 
tained is that the losses in the dissipative medium rep- 
resented by the body tissue are further reduced. 
[0012] According to yet another preferred embodi- 
ment of this aspect of the invention, the grounding mem- 
ber includes a conducting plane, which forms a junction 
with the patch plane along the first segment. A conduct- 
ing plane connected along the entire length of the first 
segment results in a uniform distribution of the electric 
and the magnetic fields over the antenna section . If how- 
ever, the conducting plane is less extended than the 
patch plane the resonance frequency for the antenna 
decreases to a corresponding extent, which may be de- 
sirable in some applications. 

[0013] According to another preferred embodiment of 
this aspect of the invention, the grounding member is 
substantially perpendicular to the ground plane. It is not 
necessary for the antenna function that the grounding 
member is entirely perpendicular to the ground plane, 
however such orientation results in a more uniform dis- 
tribution of the electric and the magnetic fields over the 
antenna section. Feeding the antenna respective ex- 
tracting a received signal from the antenna is thereby 
also facilitated. For instance, the antenna arrangement 
may include a signal member adapted to transport a ra- 
dio frequency signal between the patch plane and a ra- 
dio transceiver. The signal member extends through the 
ground plane via an electrically insulated feedthrough 
at a particular distance from the grounding member. The 
signal member includes an element that is substantially 
perpendicular to the ground plane and is either electri- 
cally insulated from the patch plane or connected to a 
side of the patch plane, which faces towards the ground 
plane. 

[0014] According to another aspect of the invention, 
this object is achieved by an implantable medical device 
as described initially, which is characterized in that it in- 
cludes the proposed antenna arrangement. 
[0015] According to a preferred embodiment of this 
aspect of the invention, the antenna arrangement is lo- 
cated in a recess of an outer side of a casing to the de- 



vice. This is advantageous because a slim device de- 
sign is thus made possible. 

[0016] According to a first alternative preferred em- 
bodiment of this aspect of the invention, the antenna ar- 

5 rangement is molded into a non-conductive encapsula- 
tion, such that the ground plane is electrically insulated 
from the device's casing. This may be desirable in ap- 
plications where an absolute control of the ground plane 
properties is demanded. 

10 [0017] According to a second alternative preferred 
embodiment of this aspect of the invention, the device's 
casing instead constitutes the ground plane. Again, this 
vouches for a slim and uncomplicated design of the de- 
vice. 

15 [0018] According to yet another preferred embodi- 
ment of this aspect of the invention, the patch plane is 
tilted with respect to the ground plane, such that the ar- 
rangement attains horn antenna properties. This, in 
turn, results in an antenna with an increased bandwidth, 

20 since it facilitates the propagation of the outgoing elec- 
tromagnetic waves. Moreover, the efficiency of the an- 
tenna is enhanced due to an increased radiation resist- 
ance. Preferably, the patch plane is tilted such that the 
distance between the patch plane and the ground plane 

25 is shortest at a point where the grounding member con- 
nects to the patch plane. 

[0019] According to still another preferred embodi- 
ment of this aspect of the invention, it is presumed that 
the casing constitutes the ground plane and that the 

30 ground plane includes a chamfer. This chamfer is ori- 
ented such that the distance between the patch plane 
and the ground plane extends gradually along a slope 
of the chamfer and the distance between the ground 
plane and the patch plane is largest at an edge side be- 

35 jng furthest away from the grounding member. Again, 
this results in an antenna arrangement having proper- 
ties similar to that of a horn antenna. 
[0020] A general advantage with the present inven- 
tion is that simple antenna geometry is provided, which 

40 can be manufactured by means of a fairly uncomplicat- 
ed production process. Furthermore, the proposed an- 
tenna geometry results in relatively low ohmic losses. 
[0021] Although the proposed solution is primarily in- 
tended for cardiac devices, such as pacemakers and 

45 defibrillators, the invention is equally well applicable to 
any alternative type of implantable medical devices, for 
example drug pumps, neurostimulators, gastric stimu- 
lators, muscle stimulators and hemodynamic monitors. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The present invention is now to be explained 
more closely by means of preferred embodiments, 
which are disclosed as examples, and with reference to 
55 the attached drawings. 

Figure 1 schematically shows an IMD which 

communicates with an extracorporal 
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unit over a wireless interface according 
to the invention, 

Figure 2 illustrates the general design of the pro- 

posed antenna arrangement, 

Figures 3a-h show top views of alternative patch 
plane shapes according preferred em- 
bodiments of the invention, 

Figure 4 shows a side view of an antenna ar- 
rangement according to a first pre- 
ferred embodiment of the invention, 

Figure 5 shows a side view of an antenna ar- 

rangement according to a second pre- 
ferred embodiment of the invention, 

Figure 6 shows a side view of an IMD including 

an antenna arrangement according to 
a first preferred embodiment of the in- 
vention, 

Figure 7 shows a side view of an IMD including 

an antenna arrangement according to 
a second preferred embodiment of the 
invention, 

Figure 8 shows a side view of an IMD including 

an antenna arrangement according to 
a third preferred embodiment of the in- 
vention, 

Figure 9 illustrates an IMD including an antenna 

arrangement with a tilted patch plane 
according to a first preferred embodi- 
ment of the invention, 

Figure 1 0 illustrates an IMD including an antenna 
arrangement with a chamfered ground 
plane according to a second preferred 
embodiment of the invention, and 

Figure 1 1 illustrates an IMD including an antenna 
arrangement with a convex patch plane 
and a curved ground plane according 
to a third preferred embodiment of the 
invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS OF 
THE INVENTION 

[0023] A wireless communication scenario involving 
an IMD 110 and an extracorporal unit 120 is shown 
schematically in figure 1. Data D and P c may here be 
transported in both directions between the IMD 1 1 0 and 
the extracorporal unit 120 over a radio link C. Typically, 
parameter settings or updating software P c is sent from 



the unit 120 to the IMD 110 while measurement data D 
is sent in the opposite direction for various monitoring 
and diagnostic purposes. 

[0024] According to the invention, an antenna ar- 

5 rangement 1 1 5 in the IMD 1 1 0 is used to exchange mod- 
ulated electromagnetic energy with the surrounding 
transmission medium, i.e. the relevant body tissue 130. 
Specifically, this means that outgoing radio signals D are 
coupled through the body 130 and out into the conttgu- 

10 ous environment, such as the air. The radio signals D 
then continue to propagate via the air to the extracor- 
poral unit 120 where they are received, for example by 
a conventional radio antenna. Correspondingly, incom- 
ing radio signals P c that are received by the IMD 110 

15 have initially been emitted by the unit 120, propagated 
through the air and penetrated through the body tissue 
130 to reach the antenna arrangement 115. 
[0025] However, transmitting the same radio signals 
through a lossy medium, such as the human body, and 

20 through a much less lossy medium, such as the air, is a 
far from trivial task. The transmission media's different 
permittivities must, of course, be considered. The body 
tissue's properties may be approximated as being close 
to those of water in respect to permittivity. This means 

25 that the wavelength inside the body is roughly 1/9th to 
1/8th of the wavelength in free air. For example, if the 
radio frequency is 403 MHz, the wavelength becomes 
0,74 m in free air and around 9,2 cm inside the body. 
[0026] A patch type of antenna is proposed to be in- 

30 eluded in the antenna arrangement 115 according to the 
invention. Such antennae are advantageous because 
they are easy to build using printed circuit technology. 
Furthermore, the design results in a comparatively low 
weight antenna, which has small overall dimensions and 

35 is relatively inexpensive to manufacture. Preferably, the 
antenna design is a planar inverted F-antenna (PI FA), 
which is resonant at one quarter of a wavelength. I.e. 
the above example would require a PI FA that is 2,3 cm 
long. In order to obtain a power efficient antenna, the 

40 substrate should have a permittivity that results in a 
wavelength in the substrate which is approximately 
equal to the wavelength in the surrounding tissue, i.e. 
the human body. 

[0027] The general design of the proposed antenna 
45 arrangement 1 1 5 is illustrated in figure 2. A patch plane 
210 is here adapted to exchange modulated electro- 
magnetic energy with a surrounding transmission medi- 
um, i.e. normally body tissue. The depicted patch plane 
210 has a general rectangular shape with dimensions 
so l, and L 2 and is thus circumscribed by a perimeter in- 
cluding four separate edges a, b, c and d respectively. 
However theoretically, any alternative shape of the 
patch plane 21 0 is conceivable provided that its physical 
dimensions are adapted to the specific application. It is 
55 namely the patch plane's 21 0 geometry that determines 
the antenna's impedance and bandwidth. Various ex- 
amples of alternative patch plane shapes will be dis- 
cussed below with reference to figures 3a-h. 
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[0028] Returning to figure 2, a ground plane 220 of an 
electrically conducting material is located below the 
patch plane 21 0. The ground plane 220 has a larger ar- 
ea than the patch plane 21 0 and is positioned in relation 
to the patch plane 210, such that a perpendicular pro- 
jection of the patch plane 21 0 onto the ground plane 220 
falls entirely within the ground plane 220. A dielectric 
substrate 240 with a comparatively high relative permit- 
tivity, say e r = 70 or more, fills the entire volume between 
the patch plane 210 and the ground plane 220. The sub- 
strate 240 also extends a well-defined distance L 3 ' and/ 
or L 3 " outside the volume between the patch plane 21 0 
and the ground plane 220 with respect to at least one 
the patch plane's 210 edges a, b and c, preferably at 
least the edge d. 

[0029] It is important that the substrate 240 extends 
L 3 ', L 3 " outside the patch plane 210 because thereby a 
non-conducting region is obtained outside the patch 
plane 21 0, where otherwise electrically conducting body 
tissue would be located. The extension of the substrate 
240 guarantees that there will only be a relatively small 
amount of electromagnetic losses in these regions. The 
electric fields closest to the patch plane 210 are quasi- 
static and hence comparatively large. In a conducting 
medium the dissipated power density is proportional to 
the square of the electric field. This means that had the 
region closest to the patch plane 210 been occupied 
with a conducting material, such as body tissue, a large 
amount of the power leaving the antenna would be used 
for heating up the region closest to the patch plane 210. 
However, the distance L 3 \ L 3 " between the patch plane 
210 and the closest conducting region established by 
the extended substrate 240 accomplishes a volume 
over which the electric field may decrease without loss- 
es. The proposed design is th us very advantageous with 
respect to power efficiency. Further details pertaining to 
the relevant dimensions will be discussed below with 
reference to figures 4 and 5. 

[0030] According to the above-described embodi- 
ment of the invention, a grounding member 230 con- 
nects the patch plane 210 electrically to the ground 
plane 220. Preferably, the grounding member 230 in- 
cludes a conducting plane, which forms a junction d' with 
the patch plane 210 along a substantial part of one of 
the patch plane's edge d. It is generally most preferred 
if the conducting plane of the grounding member 230 
extends along the entire length of the edge d, i.e. a dis- 
tinct segment of the patch plane's 21 0 perimeter. A con- 
ducting plane whose width equals the patch plane's 21 0 
edge d namely results in a uniform distribution of the 
electric and the magnetic fields over the antenna sec- 
tion. However, the conducting plane of the grounding 
member 230 need only extend along a sub-segment of 
the edge d. If however, the conducting plane is less ex- 
tended than the patch plane the resonance frequency 
for the antenna decreases to a corresponding extent, 
which may be desirable in some applications. Figure 2 
shows a grounding member 230 with a shortened con- 



ducting plane by means of dashed lines. Note that the 
conducting plane edges may have arbitrary orientation 
in relation to the ground plane 220. 
[0031] As already mentioned, the dielectric substrate 
5 240 preferably has a high relative permittivity. The re- 
quired length L 2 of the patch plane 210 is namely in- 
versely proportional to the square root of the substrate's 
240 relative permittivity. Consequently, a high relative 
permittivity reduces the patch plane's 210 physical di- 
mensions L 1 and Lg. A ceramic material may be used to 
accomplish a substrate 240 with a moderate relative 
permittivity, in the order of 100. If higher values of the 
relative permittivity are required, the substrate 240 
should preferably include a laminated thick-film struc- 
ture, for instance with layers of aluminum oxide. There- 
by, relative permittivities up to 1000 may be accom- 
plished. 

[0032] Figures 3a-h illustrate examples of alternative 
patch plane 21 0 shapes according embodiments of the 
invention. The first four figures 3a-d represent patch 
plane 210 shapes that result in comparatively narrow- 
band antennae. Namely, the perpendicular distance be- 
tween the perimeter segment d being attached to the 
grounding member and an opposite non-grounded pe- 
rimeter segment is here constant. Figures 3e-h, howev- 
er, represent patch plane 210 shapes that result in an- 
tennae, which are operable over a broader bandwidth 
because here the perpendicular distance between the 
perimeter segment d being attached to the grounding 
member and an opposite non-grounded perimeter seg- 
ment varies. For example, the patch plane 210 shape 
shown in figure 3f provides an antenna adapted to op- 
erate over three distinct frequency bands, which are giv- 
en by the perpendicular distances between the perime- 
ter segment d and the perimeter segments b 1f b 3 and 
b 5 respectively, whereas the patch plane 210 shape 
shown in figure 3e provides an antenna adapted to op- 
erate over one comparatively wide frequency band. 
[0033] According to a preferred embodiment of the in- 
vention, the grounding member 230 is substantially per- 
pendicular to the ground plane 220. This namely results 
in a uniform distribution of the electric and the magnetic 
fields over the antenna section. Moreover, feeding the 
antenna and extracting a received signal from the an- 
tenna is facilitated by such design. This matter will be 
discussed in further detail below with reference to fig- 
ures 4 and 5. 

[0034] Figure 4 shows a side view of an antenna ar- 
rangement 115 according to a first preferred embodi- 
ment of the invention. The arrangement 115 includes a 
signal member 310, which is adapted to transport a ra- 
dio frequency signal between the patch plane 210 and 
a radio transceiver. I.e. the signal member 310 may be 
used either to feed a radio signal to the patch plane 21 0 
or to extract a received radio signal there from. The sig- 
nal member 31 0 has a cylindrical element, which is sub- 
stantially perpendicular to the ground plane 220 and ex- 
tends through the ground plane 220 via an electrically 
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insulated feedthrough 320. The feedthrough 320 is po- 
sitioned at a distance F from the grounding member 230, 
where F is selected with respect to the substrate 240 
and the properties of the radio signal used, such that a 
desired impedance of the antenna is obtained. In this 
embodiment, the signal member 310 ends with a radi- 
ating element, which is electrically insulated from the 
patch plane 210. 

[0035] The substrate 240 has a thickness Hj and ex- 
tends a distance L 3 outside the edge b of the patch 
plane 210. According to a preferred embodiment of the 
invention, the distance L 3 ' is proportional to the length 
L 2 of the patch plane 210, such that L 3 ' lies in the interval 
1 0-30% of L 2 , and preferably around 20% of L 2 . Accord- 
ing to a preferred alternative of this embodiment of the 
invention, the substrate 240 also extends a distance 
L 3 " outside the edges a and c of the patch plane 210 
(see figure 2). The distance L 3 " is likewise proportional 
to the length L 2 , such that L 3 " lies in the interval 1 0-20% 
of L 2 , preferably at least 15%. 

[0036] The specific relationships L 3 '-to-L 2 and L 3 "-to- 
L-2 can be explained as follows. The efficiency of a trans- 
mitting an antenna operating in air is defined by the ratio 
between the power delivered to the antenna and the 
power radiated from the antenna. The sum of the losses 
in the substrate and in the conducting parts determines 
the antenna's efficiency. For an implanted transmitting 
antenna, however, it is relevant to define the overall ef- 
ficiency of the antenna system as the ratio between the 
power delivered to the antenna and the power radiated 
from the body. Thus, the efficiency is now determined 
both by the losses in the antenna and in the lossy me- 
dium represented by the body tissue. The ohmic power 
loss density P, oss (W/m 3 ) in a conductive medium is giv- 
en by the expression: 

P|oss = g JE * = ^° IEI 

where a is the conductivity of the medium and E is the 
electric field. A tissue consisting of muscles has a rela- 
tively high conductivity (a * 1 ,4 at a frequency around 
400 MHz including dielectric losses). Hence, the effi- 
ciency of the antenna system becomes rather low if the 
antenna is surrounded by muscle tissue. As is apparent 
from the above expression, the power loss density P )oss 
is high in regions where the electric field is high. The 
electric field shows high values in the near zone of the 
patch plane, since in that region the field is dominated 
by the non-radiating near field. In the PIFA-case, the 
near zone is the region close to the outside of the non- 
grounded segments of the patch plane perimeter (i.e. 
for example the edges a, b and c in the figure 2). 
[0037] Figure 5 shows a side view of an antenna ar- 
rangement 1 1 5 according to a second preferred embod- 
iment of the invention. In this embodiment, the signal 
member 31 0, is electrically connected to the side of the 
patch plane 21 0, which faces towards the ground plane 



220. The signal member 310 is also here substantially 
perpendicular to the ground plane 220 and extends 
through the ground plane 220 via an electrically insulat- 
ed feedthrough 320. The feedthrough 320 is positioned 
5 at a distance F from the grounding member 230, where 
F is selected with respect to the substrate 240 and the 
properties of the radio signal used, such that a desired 
impedance of the antenna is obtained. 
[0038] The substrate 240 has a thickness H 1 and 
10 does here not only extend a distance L^' outside the 
edge b of the patch plane 210, however it also overlaps 
L 4 ' a section of the patch plane 210 along at least one 
edge, for example the edge b. In analogy with the em- 
bodiment of the invention described above with refer- 
15 ence to the figures 2 and 3, the distance L 3 is preferably 
proportional to the length L 2 of the patch plane 21 0. The 
same is basically true for the overlap L 4 \ however it is 
sufficient if L 4 corresponds to 1 0% of Lg. The thickness 
H 2 of the overlap should correspond to at least 5% of 
20 the length L 2 of the patch plane 210. In any case, the 
overlap assists in further reducing the losses in the dis- 
sipative medium represented by the body tissue. 
[0039] The features of the signal member 310 being 
electrically connected to the patch plane 21 0 (as shown 
25 in figure 5) respective being insulated from the patch 
plane 21 0 (as shown in figure 4) and the substrate 240 
overlapping L 4 ', H 2 a section of the patch plane 210 (as 
shown in the figure 4) respective merely extending a 
well-defined distance L 3 ' (as shown in the figure 4) may 
30 be combined arbitrarily. The specific combinations of 
these features as shown in figures 4 and 5 have merely 
been chosen for illustrating purposes. 
[0040] Figure 6 shows a side view of an IMD including 
an antenna arrangement 115 according to a first pre- 
35 ferred embodiment of the invention. The arrangement 
115 is located on the outer surface of an IMD casing, 
such that the casing 111 constitutes the ground plane 
220. A straightforward design being relatively inexpen- 
sive to manufacture is thus made possible. 
40 [0041] Figure 7 shows a side view of an IMD including 
an antenna arrangement 1 1 5 according to a second pre- 
ferred embodiment of the invention. Also here the cas- 
ing 111 to the device constitutes the ground plane 220. 
However, the arrangement 115 is now located in a re- 
45 cess 71 0 of an outer side of the casing 111. This type of 
design is often preferable, since due to the fact the elec- 
tric field decreases with increasing substrate thickness, 
a relatively thick antenna is also comparatively power 
efficient. By mounting antenna arrangement 115 in the 
50 recess 71 0 it is thus possible to have a rather thick an- 
tenna with a high efficiency and at the same time ac- 
complish a slim device. 

[0042] Figure 8 shows a side view of an IMD including 
an antenna arrangement 115 according to a third pre- 
ss ferred embodiment of the invention, where the entire ar- 
rangement 1 1 5 is molded into a non-conductive encap- 
sulation 820. The encapsulation 820 insulates a ground 
plane 220 in the arrangement 115 electrically from the 
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casing 111 to the device. Thereby a complete control of 
the ground plane's 810 properties can be obtained. 
[0043] Figure 9 illustrates an IMD including an anten- 
na arrangement 115 with a tilted patch plane 210' ac- 
cording to a first preferred embodiment of the invention. 
Again, the casing 111 to the device constitutes the 
ground plane 220. The patch plane 21 0', however, is tilt- 
ed with respect to the ground plane 220, such that the 
patch plane 21 0' is parallel to the ground plane 220 ex- 
clusively in one dimension. Hence, the arrangement 1 1 5 
attains signal properties that resemble those of a horn 
antenna. For instance, the bandwidth increases. The ra- 
diation resistance also raises, which results in a de- 
creased electric field and an enhanced power efficiency. 
[0044] Preferably, the patch plane 210' is tilted such 
that the distance between the patch plane 210' and the 
ground plane 220 is shortest at a point where a ground- 
ing member 230 connects to the patch plane 210'. 
[0045] Figure 10 illustrates an IMD including an an- 
tenna arrangement 115 with a chamfered ground plane 
220 according to a second preferred embodiment of the 
invention. Again, the casing 111 to the device consti- 
tutes the ground plane 220. Although not actually nec- 
essary in this embodiment the patch plane 210" is also 
tilted with respect to the ground plane 220, such that the 
patch plane 21 0" is parallel to the ground plane 220 ex- 
clusively in one dimension. More important however, a 
portion of the casing 111, which constitutes the ground 
plane 220 here includes a chamfer 1010. This chamfer 
1 01 Ois oriented such that the distance between the 
patch plane 210" and the ground plane 220 extends 
gradually along a slope of the chamfer 1010. Further- 
more, the chamfer 1 01 0 is placed such that the distance 
between the ground plane 220 and the patch plane 21 0" 
is largest at the patch plane edge (edge b in figure 2) 
being furthest away from a grounding member 230. This 
design accentuates the horn antenna properties and the 
thus attained advantages mentioned above. 
[0046] Figure 11 illustrates an IMD including an an- 
tenna arrangement 1 1 5 with a convex patch plane 21 0'" 
and a curved ground plane 220 according to a third pre- 
ferred embodiment of the invention. Here, the patch 
plane 210"' has a general curved profile with a convex 
face towards the ground plane 220. Again, the casing 
111 to the device constitutes the ground plane 220. In 
this embodiment, the substrate 240 extends over the 
curved side 1110 of the casing 111, such that the sub- 
strate 240 forms a tapered section towards the curved 
side 1110, which is furthest away from a grounding 
member 230. Thereby, an alternative horn antenna de- 
sign is accomplished. 

[0047] The term "comprises/comprising" when used 
in this specification is taken to specify the presence of 
stated features, integers, steps or components. Howev- 
er, the term does not preclude the presence or addition 
of one or more additional features, integers, steps or 
components or groups thereof. 
[0048] The invention is not restricted to the described 



embodiments in the figures, but may be varied freely 
within the scope of the claims. 



5 Claims 

1 . An antenna arrangement (1 1 5) for communicating 
radio frequent signals with an implantable medical 
device, comprising: 

10 

a patch plane (210) adapted to exchange mod- 
ulated electromagnetic energy with a surround- 
ing transmission medium, the patch plane (21 0) 
having a perimeter (a, b, c, d), 

* 5 a ground plane (220) of an electrically conduct- 

ing material having an area which is larger than 
the patch plane (210), the ground plane (220) 
being located in relation to the patch plane 
(210) such that a perpendicular projection of 

20 the patch plane (210) onto the ground plane 

(220) falls entirely within the ground plane 
(220), 

a dielectric substrate (240) filling a volume be- 
tween the patch plane (210) and the ground 

25 plane (220), and 

a grounding member (230) electrically connect- 
ing the patch plane (210) to the ground plane 
(220), the grounding member being attached to 
a first segment (d) of the perimeter (a, b, c, d), 

30 characterized in that 

the substrate (240) has a comparatively high rela- 
tive permittivity and extends a well-defined distance 
(L 3 \ L 3 ") outside the volume between the patch 
35 plane (21 0) and the ground plane (220) with respect 
to at least one second segment (a, b, c) of the pe- 
rimeter (a, b, c, d). 

2. An antenna arrangement (115) according to claim 
40 1 ( characterized in that the substrate (240) over- 
laps (L 4 \ H 2 ) a section of the patch plane (210) 
along at least one sub-segment (b) of the at least 
one second segment (a, b, c). 

45 3. An antenna arrangement (115) according to any 
one of the preceding claims, characterized in that 
the grounding member (230) includes a conducting 
plane which forms a junction (d') with the patch 
plane (210) along the first segment (d). 

50 

4. An antenna arrangement (115) according to any 
one of the preceding claims, characterized In that 
the grounding member (230) is substantially per- 
pendicular to the ground plane (220). 

55 

5. An antenna arrangement (115) according to any 
one of the preceding claims, characterized in that 
it comprises a signal member (310) adapted to 
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transport a radio frequency signal between the 
patch plane (210) and a radio transceiver. 

6. An antenna arrangement (115) according to claim 
5, characterized In that the signal member (310) 
is electrically insulated from the patch plane (210). 

7. An antenna arrangement (115) according to claim 
5, characterized In that the signal member (310) 
is electrically connected to a side of the patch plane 
(210) which faces towards the ground plane (220). 

8. An antenna arrangement (115) according to any 
one of the claims 6 or 7, characterized In that the 
signal member (310) extends through the ground 
plane (220) via an electrically insulatedfeedthrough 
(320) at a distance (F) from the grounding member 
(230). 

9. An antenna arrangement (115) according to any 
one of the preceding claims, characterized in that 
the substrate (240) comprises a ceramic material. 

10. An antenna arrangement (115) according to any 
one of the claims 1 - 9, characterized In that the 

substrate (240) comprises a laminated thick-film 
structure. 

11. An antenna arrangement (115) according to claim 
10, characterized in that the laminated thick-film 
structure includes at least one layer of aluminum ox- 
ide. 

12. An implantable medical device, characterized in 
that it comprises an antenna arrangement (1 1 5) ac- 
cording to any one of the claims 1 - 11 . 

13. An implantable medical device according to claim 
12, characterized in that the antenna arrangement 
(1 1 5) is located in a recess (71 0) of an outer side of 
a casing ( 1 1 1 ) to the device. 

14. An implantable medical device according to any 
one of the claims 12 or 13, characterized in that 
the antenna arrangement (115) is molded into a 
non-conductive encapsulation (820) such that the 
ground plane (220) is electrically insulated from a 
casing (111) to the device. 

15. An implantable medical device according to any 
one of the claims 1 2 or 1 3, characterized in that a 
casing (111) to the device constitutes the ground 
plane (220). 

16. An implantable medical device according to any 
one of the claims 12-15, characterized in that the 
patch plane (21 0', 210") is tilted with respect to the 
ground plane (220) such that the patch plane (210', 



21 0") is parallel to the ground plane (220) exclusive- 
ly in one dimension. 

17. An implantable medical device according to claim 
5 1 6, characterized in that the antenna arrangement 

(115) comprises a grounding member (230) which 
connects the patch plane (210) electrically to the 
ground plane (220), and a distance between the 
patch plane (21 0\ 21 0") and the ground plane (220) 
10 is shortest at a point where the grounding member 
(230) connects to the patch plane (210', 210"). 

18. An implantable medical device according to claim 
1 7, characterized in that the portion of the casing 

is (111) which constitutes the ground plane (220) in- 
cludes a chamfer (1010), the chamfer (1010) being 
oriented such that the distance between the patch 
plane (210") and the ground plane (220) extends 
gradually along a slope of the chamfer (1010) and 

20 the distance between the ground plane (220) and 
the patch plane (210") being largest at an edge (b) 
being furthest away from the grounding member 
(230). 

25 19. An implantable medical device according to claim 
17, characterized in that the substrate (240) ex- 
tends over a curved side (1110) of the casing (111) 
such that the substrate (240) forms a tapered sec- 
tion towards the curved side (1 1 1 0), the curved side 

30 (1110) being furthest away from the grounding 
member (230). 

20. An implantable medical device according to any 
one of the claims 18 or 19, characterized in that 
35 the patch plane (210'") has a general curved profile 
with a convex face towards the ground plane (220). 
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